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ABSTRACT 

Massive evolved stars loss a large fraction of their mass via copious stellar wind or instant 
outbursts and during certain evolutionary phases they can be identified via the presence of 
their circumstellar nebulae. In this paper, we present the results of search for compact nebu- 
lae (reminiscent of circumstellar nebulae around evolved massive stars) using archival 24 fim 
data obtained with the Multiband Imaging Photometer for Spitzer. We discovered 115 nebu- 
lae, most of which bear a striking resemblance to the circumstellar nebulae associated with 
Luminous Blue Variables (LBVs) and late WN-type (WNL) Wolf-Rayet (WR) stars in the 
Milky Way and the Large Magellanic Cloud (LMC). We interpret this similarity as an indica- 
tion that the central stars of detected nebulae are either LBVs or related evolved massive stars. 
Our interpretation is supported by follow-up spectroscopy of two dozens of these central stars, 
most of which turns out to be either candidate LBVs (cLB Vs), blue supergiants or WNL stars. 
We expect that the forthcoming spectroscopy of the remaining objects from our list, accom- 
panied by the spectrophotometric monitoring of the already discovered cLBVs, will further 
increase the known population of Galactic LBVs, which in turn would have profound conse- 
quences for better understanding the LBV phenomenon and its role in the transition between 
hydrogen burning O stars and helium burning WR stars. We also report the detection of an 
arc-like structure attached to the cLBV HD 326823 and an arc associated with the LBV R99 
(HD 269445) in the LMC. 
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1 INTRODUCTION 

Massive stars are sources of strong stellar wind whose interaction 
with the ambient medium results in formation of circumstellar and 
interstellar nebulae (e.g. Johnson & Hogg 1965; Avedisova 1972; 
Weaver et al. 1977). The most well-defined (i.e. compact and pos- 
sessing a high degree of symmetry) nebulae are formed during 
a brief post-main-sequence phase when (depending on the initial 
mass) a massive star becomes a Wolf-Rayet (WR) or an Luminous 
Blue Variable (LBV) one (e.g. Vanbeveren, De Loore & Van Rens- 
bergen 1998; Meynet & Maeder 2003). Most of WR ring-like neb- 
ulae are formed via the interaction between the fast WR wind and 
the slow material shed during the preceding red supergiant phase 
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(e.g. Chevalier & Imamura 1983; Marston 1995; Chen, Wang & Qu 
1995; Brighenti & D'Ercole 1995, 1997; Garcia-Segura, Langer & 
Mac Low 1996a; Smith 1996). These circumstellarnehulae are ob- 
served exclusively around WR stars of nitrogen sequence and the 
majority of them are associated with late WN-type (WNL) stars 
(e.g. Lozinskaya & Tutukov 1981; Esteban et al. 1993), i.e. with 
young WR stars whose wind still interacts with the dense circum- 
stellar material (Gvaramadze et al. 2009a). The nebulae associ- 
ated with LBVs show a wide range of morphologies, from ring- 
like shells to bipolar lobes and triple-ring systems (e.g. Nota et al. 
1995; Weis 2001; Smith 2007). It is believed that the LBV nebulae 
are formed in sporadic, violent mass-loss events when the evolved 
massive stars lose a significant fraction of their mass (e.g. Smith & 
Owocki 2006), although their formation via continuous outflows is 
possible too (e.g. Robberto et al. 1993; Nota et al. 1995; Garcia- 
Segura, Langer & Mac Low 1996b; Voors et al. 2000). 

The circumstellar nebulae associated with LBV and WNL 
stars are known to be sources of mid- and far-infrared (IR) emission 
(e.g. Mathis et al. 1992; Hutsemekers 1997; Trams, Voors & Wa- 
ters 1998; Marston et al. 1999; Egan et al. 2002; Clark et al. 2003) 
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and therefore can be detected in the archival data of the Spitzer 
Space Telescope. Detection of nebulae reminiscent of those asso- 
ciated with LBV, WNL and related stars would serve as an indica- 
tion that their central stars are evolved massive ones, while spectro- 
scopic follow-ups of objects selected in this way would allow us to 
verify their nature (Clark et al. 2003; Gvaramadze et al. 2009a,b,c). 

Until recently, the main channel for detection of new LBV and 
WR stars in the Milky Way and nearby galaxies was through the 
narrow-band optical surveys accompanied by spectroscopic follow- 
ups (e.g. Corral 1996; King, Walterbos & Braun 1998; Shara et al. 
1999; Sholukhova, Fabrika & Vlasyuk 1999; Massey et al. 2007). 
In the Galaxy, however, the optical surveys can reveal only rela- 
tively nearby objects, whose emission does not significantly suffer 
from the interstellar extinction in the Galactic plane. For more dis- 
tant objects, the breakthrough results were achieved by means of 
narrow-band IR surveys, which allow to select candidate evolved 
massive stars via their near- and mid-IR colours almost through- 
out the whole Galactic disk. The recent efforts in this direction by 
Homeier et al. (2003), Hadfield et al. (2007), Shara et al. (2009) 
and Mauerhan, Van Dyk &. Morris (2009) lead to the discovery of 
72 new WR stars, i.e. resulted in one third increase of the known 
Galactic population of these objects. Many more WR and LBV 
stars, however, remain to be discovered (Smith, Crowther & Prinja 
1994; Shara et al. 1999; van der Hucht 2001; van Genderen 2001). 

In this paper we present a list of 115 compact nebulae (Sec- 
tion[3} detected in the archival data of the Spitzer Space Telescope, 
whose morphology is similar to that of nebulae associated with 
known LBVs and related objects (Section[2j cf. Carey et al. 2009; 
Wachter et al. 2009). We believe that the majority of these nebu- 
lae is produced by evolved massive stars. Our belief is supported 
by spectroscopic follow-ups of two dozens of central stars (CSs) of 
the nebulae from our list, which showed that most of them are either 
candidate LBVs (cLB Vs), blue supergiant or WNL stars (Section|4j 
Gvaramadze et al., in preparation; Kniazev et al., in preparation). 



2 SEARCH FOR INFRARED NEBULAE 

During the search for bow shocks around OB stars ejected from 
young star clusters [for motivation of this search see Gvaramadze 
& Bomans (2008)] using the archival data of the Spitzer Space Tele- 
scope (Werner et al. 2004), obtained with the Multiband Imaging 
Photometer for Spitzer (MIPS; Rieke et al. 2004) and the Infrared 
Array Camera (IRAC; Fazio et al. 2004), we serendipitously dis- 
covered several compact (~ 1' - 2' in size) nebulae (see Fig.[T](, 
whose morphology is extremely similar to that of nebulae associ- 
ated with known (c)LB Vs and WNL stars in the Milky Way and the 
Large Magellanic Cloud (LMC) (e.g. Marston et al. 1999; Voors 
et al. 2000; Egan et al. 2002; Clark et al. 2003; Weis 2003). Us- 
ing the SIMBAD databasfl we found that the CS associated with 
one of the nebulae (MNI14; see Table 1 of Section[3]( was identi- 
fied by Dolidze (1971) as a possible WR star due to the presence 
in its spectrum of an emission band around /1 6750 A. Our spec- 
troscopic follow-up (carried out with the Russian 6-m telescope in 
2008 October-November) confirmed the WR nature of this star and 
showed that it belongs to the WN8-9h subtype (Gvaramadze et al. 
2009a; see also Section|4l(. On this basis, we interpreted the discov- 
ered nebulae as the products of post-main-sequence evolution of 
massive stars (cf. Carey et al. 2009). 



http://simbad.u-strasbg.fr/simbad/ 



Figure 1. Spitzer MIPS 24 ^m images of representative newly discovered 
nebulae: a) MNl; b) MN7; c) MN21; d) MN23; e) MN27; f) MN30; g) 
MN43; h) MN46; i) MN48; J) MN55; k) MN59; 1) MN79; m) MN82; n) 
MN96; o) MN98; p) MN108; q) MNl 12; r) MN113. Here and hereafter the 
coordinates are in units of RA(J2000) and Dec.(J2000) on the horizontal 
and vertical scales, respectively. 



Figure 2. Spitzer MIPS 24 ^m [panels a) -J) and p) -r)] and IRAC S.O/jm 
[panels k) -o)] images of nebulae associated with Galactic [panels a) - 
o)] and LMC [panels p) -r)] (c)LBVs and WN stars: a) cLBV Hen3- 
519 or WR31a (WNllh), b) WR75ab (WN7h), c) cLBV HD 326823, 
d) cLBV Wray 17-96, e) cLBV HD316285, f) LBV GAL 024.73+00.69; 
g) cLBV GAL 026.47+00.02, h) WR124 (WN8h), i) WR136 (WN6), J) 
cLBV GAL 079.29+00.46, k) LBV AG Car or WR31b (WNllh), 1) cLBV 
Sher25; m) cLBV Pistol; n) cLBV HD 168625; o) cLBV GAL 025.5+00.2; 
p) Brey 2 (WN4), q) Brey 13 (WN8), r) LBV R 99 (HD 269445). 



To substantiate this interpretation, we searched for IR circum- 
stellar nebulae around the known (c)LBVs and WN stars in the 
Milky Way and the LMC [see, respectively, Clark, Larionov & 
Arkharov (2005) and Massey, Waterhouse & DeGioia-Eastwood 
(2000) for a recent census of Galactic and LMC (c)LBVs, and 
van der Hucht (2001, 2006) and Breysacher, Azzopardi &. Tester 
(1999) for catalogue of WR stars] using the MIPS 24yum data. The 
detected nebulae are shown on Fig.[2] All but two these nebulae 
were previously detected either in the optical, radio or IR. To our 
knowledge, an arc-like nebula attached to the cLBV HD 326823 
(Fig.|2};) and a bow shock-like structure to the east of the LMC 
LBV R99 (HD 269445) (Fig.[l-) are detected for the first time [cf., 
respectively, Clark et al. (2005) and Weis (2003)]. We note the ex- 
istence of a halo around the already known IR shell (Trams et al. 
1998; Egan et al. 2002) surrounding the cLBV GAL 079.29+00.46 
(see Fig.[2)). [This halo was independently detected by Kraemer 
et al. (2009)]. We also note the clear bipolar appearance of the 
nebula (known as M 1-67) associated with the WN8h star WR 124 
(see Fig.[2ji). The existence of a bipolar outflow in M 1-67 was 
claimed by Sirianni et al. (1998) on the basis of long-slit spec- 
troscopy of this nebula and subsequently questioned by Grosdidier 
et al. (2001). Detection of bipolar protrusions in the shell of M 1-67 
allows us to confirm the claim by Sirianni et al. (1998). The MIPS 
24 pm images of nebulae associated with the LBV AG Car and four 
cLBVs, Pistol Star, Sher25, HD 168625 and GAL 025.5+00.2, are 
saturated and we give their IRAC 8.0pm images. The Spitzer im- 
ages of HD 168625, HD 316285 and GAL025.5+00.2 were ear- 
lier presented by, respectively. Smith (2007), Morris (2008) and 
Phillips & Ramos-Larios (2008a). 

Comparison of Fig.|2] with Fig.[T] shows a striking similarity 
between the majority of known and newly discovered nebulae. For 
example, we draw attention to the nebula MNl 12 (Fig.[T]j) associ- 
ated with the newly detected cLBV (see Section|4]for more details), 
whose shell-halo morphology is reminiscent of that of the neb- 
ula of cLBV GAL 079.29+00.46 (Fig.[2l). Other striking examples 
are the bipolar nebulae MN79 (Fig.[TJ) and MNl 3 (Fig.O which 
show a strong resemblance to the nebulae around, respectively, the 
WNL star WR 124 (Fig.Hi) and the cLBV HD 168625 (Fig.[2h). 
This similarity provides further evidence that the discovered nebu- 
lae could be products of post-main-sequence evolution of massive 
stars and motivated us for a systematic search for similar nebulae 
in the Spitzer Space Telescope archival data. The goal of the search 
is to identify new LBVs and related stars via detection of compact 
IR nebulae and spectroscopic follow-up of their CSs. 
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Figure 3. Spitzer MIPS 24 fim (left) and IRAC 8 ^im images of MN13. 





Figure 4. Spitzer MIPS 24pm (left) and IRAC 5.8pm images of MN56. 

Since we know from experience that most of newly detected 
nebulae are visible only at 24 pm (cf. Carey et al. 2009), we used 
for the search the MIPS 24 pm data obtained within the framework 
of the 24 and 70 Micron Survey of the Inner Galactic Disk with 
MIPS (MIPSGAL; Carey et al. 2009) and the Cygnus-X Spitzer 
Legacy Surve)0 (Hora et al. 2009). The first survey mapped 278 
square degrees of the inner Galactic plane: -65° < / < -10° and 
10° < / < 65° for \b\ < 1°, while the second one covers 24 square 
degrees in Cygnus X - one of the most massive star forming com- 
plexes in the Milky Way (e.g. Reipurth & Schneider 2008). The 
MIPS imaging data were retrieved from the Spitzer archive using 
the Leopard software. The visual inspection of the data revealed 
a multitude of compact nebulae possessing one or another type of 
symmetry, ranging from pure circular to bilateral or bipolar (cf . Bil- 
lot et al. 2009). From these nebulae we selected the ones with de- 
tectable CSs, which constitute our sample for spectroscopic follow- 
up. 

To identify the CSs we used the Two Micron All Sky Survey 
(2MASS; Skrutskie et al. 2006), which provides images in the three 
near-IR 7(1.25 pm), H(l.65 pm), and A',(2.16yum) bandpasses with 
the limiting magnitudes of 16.4, 15.5 and 14.8, respectively. Most 
of the identified CSs are highly-reddened (J - K, > 1 mag) ob- 
jects with no optical counterparts in the Digitized Sky Survey II 
(DSS-II; McLean et al. 2000), which covers 98 per cent of the ce- 
lestial sphere in the R band and provides images to the limiting 
magnitude of ~ 21. Six CSs are marginally detected or absent on 
2MASS images, while visible at IRAC (3.6, 4.5, 5.8 and S.Opm) 

^ http://www.cfa.harvard.edu/cygnusX/index.html 
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Figure 5. Spitzer MIPS 24pm (left) and IRAC 3.6pm images of MNIl 1. 
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Figure 6. Spitzer MIPS 24 pm (left) and IRAC 8 pm images of MN94. 



images obtained within the framework of the Galactic Legacy In- 
frared Mid-Plane Survey Extraordinaire (GLIMPSE; Benjamin et 
al. 2003). 

The selected nebulae are listed in Table 1 of Section[3l We cau- 
tion that this list should not be considered complete. Detection of 
weak and small-scale nebulae is hampered by the complex environ- 
ment of star-forming regions (see, e.g., Fig.[TJ), while identification 
of bright objects might be precluded due to the saturation of MIPS 
24pm images. In the latter case, inspection of IRAC images of the 
saturated MIPS sources could be useful. Several interesting objects 
revealed in this way are MN2, MN4, MN56, MN83 and MNlll 
(see Fig.|4]and Fig.|5). 

The majority of rejected (sourceless) nebulae are compact 
(< 0.5 arcmin in diameter) circular objects. Some of them have 
limb brightened or bilateral morphology, while others exhibit more 
complex brightness distribution. A first example of sourceless neb- 
ulae discovered with the MIPS was reported by Morris et al. (2006), 
who found a bilateral shell in the Galactic First Look Survey with 
the Spitzer Space Telescope. This nebula (like most of the nebulae 
detected in the Spitzer data) is visible only at 24 pm. The IR spec- 
troscopy of the nebula showed that its emission arises almost solely 
from the [O iv] 25.89 pm emission line, which explains the unusual 
colour of the nebula. The most likely interpretation of the shell is 
that it is a distant young supernova remnant (Morris et al. 2006). It 
is possible, therefore, that some of the (sourceless) nebulae we re- 
jected are also the distant supernova remnants. On the other hand, 
some of them could be very distant circumstellar nebulae, whose 
highly-reddened CSs are beyond the detection limits of the current 
IR surveys. 

All but two of the nebulae presented in Table 1 were detected 
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Figure 8. Spitzer MIPS 24 //m (left) and MAGPIS 20 cm images of the 
cLBV GAL 026.47+00.02. 

in the data of the MIPSGAL survey; the high resolution images 
of these nebulae are available in the NASA/IPAC Infrared Sci- 
ence Archiv^ The majority of the nebulae are visible only at 
MIPS l^jim images and few of them have counterparts in the 
IRAC wavebands (3.6 - S.Oyum). In some cases, the IRAC im- 
ages show more spectacular structures than the MIPS 24 /jm ones 
(see Fig.[3]and Fig.[6j. Two nebulae, MN18 and MN102 (see Ta- 
ble 1), have optical counterparts, respectively, in the SuperCOS- 
MOS H-alpha Survey (SHS; Parker et al. 2005) and the DSS-II. 
MN18 is associated with an early B supergiant (see Section|4]l, 
while MN102 is most likely a planetary nebula (PN) with the [WC] 
CS (Gvaramadze et al., in preparation). Nebulae located in the re- 
gion 5° < / < 48.5°, < 0.8° are covered by the Multi-Array 
Galactic Plane Imaging Survey (MAGPIS; Helfand et al. 2006). 
Four of them (MN83, MN86, M87 and MNlOl) have radio coun- 
terparts at 20 cm (e.g. Fig.|7]l. For the sake of completeness, we 
note that MAGPIS covers several known (c)LBVs, of which the 
cLBV GAL026. 47+00.02 has a very interesting radio counterpart 
(Fig.[8]l, whose appearance strikingly resembles the tore-like struc- 
ture of MN56 (see right panel of Fig.|4). 



3 LIST OF INFRARED NEBULAE 

Table 1 gives the list of nebulae with CSs discovered in the archival 
Spitzer MIPS 24yum data. We initialize nebulae with MN (i.e. the 
MIPS nebulae) and assign a sequence number to each object in 



column 1. Columns 2 and 3 give the equatorial coordinates of 
CSs associated with the nebulae (taken from the 2MASS cata- 
logue; Skrutskie et al. 2006). Columns 4-6 and 7-9 give the B,V,R 
and J,H,Ks magnitudes of the CSs, taken, respectively, from the 
NOMAD (Zacharias et al. 2004) and 2MASS catalogues. Column 

10 classifies the nebulae in the following conditional types: R - 
round (e.g. Fig.[l]l and Fig.[T^), E - ellipsoidal (e.g. Fig.[T^ and 
Fig.[T]i), BP - bipolar (e.g. Fig.[TJ and Fig.O, BL - bilateral (e.g. 
Fig.[TJ) and Fig.[T]i), C - complex (e.g. Fig.|4]and Fig.[5]l- Column 

11 gives the angular size of the nebulae. Comments on individ- 
ual objects are given in column 12. This column also gives the 
IRAC 3.6/jm magnitudes for five CSs which are either marginally 
detected on 2MASS images or visible only at the IRAC wave- 
lengths (see Section|2j; these magnitudes were extracted from the 
GLIMPSE I Spring '07 Catalog and the GLIMPSE 3D, 2007-2009 
CatalogB 



4 SPECTROSCOPIC CONFIRMATIONS AND FURTHER 
WORK 

To prove the availability of our method to search for evolved mas- 
sive stars via detection of their IR circumstellar nebulae (Gvara- 
madze et al. 2009a,b,c), we took spectra of two dozens of CSs 
associated with nebulae from our list (the details of these obser- 
vations will be presented in Gvaramadze et al., in preparation and 
Kniazev et al., in preparation). Most of these stars turns out to be 
either cLBVs, blue supergiants or WNL stars. 

Fig.|9]shows a montage of six representative spectra taken with 
the South African Astronomical Observatory 1.9-m telescope (top 
and middle left panels), the Russian 6-m telescope (bottom left 
panel) and the 3.5-m telescope in Calar Alto (right panels). The 
obtained spectra were reduced using standard IRAF and MIDAS 
routins and the nearby background spectra were subtracted. All six 
stars are highly reddened objects with Ay > 5 - 10 mag so that 
their spectra steeply rise towards the red and show numerous dif- 
fuse interstellar bands. The high extinction towards the stars makes 
the nebular contamination of their optical spectra negligible; in all 
but one spectra the nebular emissions were not detected. 

The first row gives spectra of two early OB supergiants associ- 
ated, respectively, with MN18 (Fig.[TOll and MN108 (Fig.[il)). The 
spectrum of the CS of MN18 shows numerous narrow absorption 
lines of Hi and Hei. Nii lines are also visible in absorption while 
the He n absorptions are only marginally detected. We consider this 
star as an early B supergiant. As we already mentioned in Section|2] 
MN18 is one of the two nebulae from our list with detected optical 
counterparts (see Fig.llOt. Correspondingly, the spectrum of MN18 
shows the prominent nebular emissions ~ the Ho- line flanked by the 
[N n] AA 6548, 6584 lines. Note that MN18 was earlier classified as 
a PN by Kwok et al. (2008), who named it as PNG 321.0-00.7. 
The spectrum of the CS of MN108 shows strong absorption lines 
of H I and He i. Numerous He ii absorption lines are also detected, 
of which the strongest are AA46S6 and 5412. Most likely this star 
is an O supergiant. 

The second row gives spectra of two cLBVs [MN46 (Fig.[T}i) 
and MN112 (Fig.[i]})]. The spectrum of the CS of MN46 shows 
strong emission lines of hydrogen with wide wings. The He i emis- 
sion lines are weak and wide. The spectrum is remarkable by the 
presence of a forest of Feii and [Feii] emission lines typical of 



^ http://irsa.ipac.caltech.edu/index.html 



^ Both available at |http://rrsa.ipac.caltech.edu/holdings/catalogs.html| 
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Table 1. List of MIPS 24 /<m nebulae. 



Name 


RA (J2000) 


Dec. (J2000) 


B 


V 


R 


/ 


H 




Type 


Size ("X") 


Comments 


MNl 


1 1 44 1 R in 


-69 45 90 9 

UZi T-J ZiL/.Z> 


\1 31 


17.04 


14.85 


10.00 


8.72 






60x70 




MN2 


1 9 nn R9 


fi^ 1 9 SQ Q 




13 93 




13 90 


19 6*^ 


19 S'^ 

IZ. J J 


R BL 


'^0 

JU 




MN3 


1 9 1 n 1 '^7 


fiO SO SR 








16 ft8 


14 47 


14 13 




20 




MN4 


19 n 1 '^7 

iZ. LI L\).J/ 


fO {^f\ 97 1 
-oz UO Z / . I 








1 ^ Q4 


12 58 


1 1 98 


BL 


35x45 




MN5 


12 29 41 70 


-fi9 1 ^ nR 4 

oz. iJ 00.*+ 


16.60 


16.71 


17.47 


14 94 


13 74 


12 20 








MN6 


1 9 47 1 7 74 


on ^4 '^ 

-OJ UU jM-.J 








15 62 


15 07 


14 73 


R BL 


9S 

Z J 




MN7 


1 1 04 S7 


-fi'^ 1 1 ^n 1 

OJ i 1 1 


15.20 


14.38 


12.83 


9 54 


7 95 


6 38 




10x20 


Wrflv 16-196 CRp^^l) 


MN8 


1 1 n i'^ R4 


fi'^ 17 4S R 




16 21 




12 27 


1 1 Oft 


in iQ 


R BL 


J J 




MN9 




-69 93 S3 3 

-UZ Zj JD,D 








13.83 


11.88 


10.67 




15x25 




Mwi n 

IVliN 1 U 


1 1 Q ^'^ R7 


^^9 '^R 44 R 

-oz OO fH-.O 


in OS 

1U.70 


1ft 36 


04 


R 9*^ 


S ftl 


7 R4 
/ .ot 




40 


CW 61 XTVa. i'RSTnn'lC^) 
\^lJ-\jV J /JO \DJi.a^) 


MNll 


1 q 97 OR 11 

LJZ.1 \jO, 1 1 


-fi9 03 1 Q R 

-UZ UJ 17.0 






17.62 


12.92 


11.95 


11.28 


BP 


30x45 




MN12 


1 '^ 97 17 RS 


.frx 1 Q 9S 1 

OJ i " ZO. i 








14.52 


14 17 


13.54 


BP 


30x45 




MNl 3 


1 49 1'^ OR 


-(^9 4R 1 1 '^ 

oz. T-O 1 i .J 








15.15 


13 27 


10 07 


BP 


140 




MNl 4 


1 4 1 11 on 


-(SI 09 09 1 

o i \)z. oz.. 1 


14.22 


13.27 


12.98 


1 1 80 


1141 


1 1 03 


BP 


60 




MNl 5 


1^01 ^ 09 


-SR on if\ 1 

JO V./1./ Z.O. i 








15 39 


14.04 


13 30 


R BL 


40 




iVli > 1 iJ 


1 ^ 07 Sfi ^1 


-SR 1 R 9'^ R 

JO i O Z. J.O 


17 47 


17 34 


16.58 


9.28 


7.82 


6 96 




64 




MN17 


IS 1 '1 49 17 


-58 53 1 8 5 


18.58 




17.37 


13.31 


12.49 


12.05 


BL 


20 




MNl 8 


1 s 16 41 no 

1 J lU t A ,uw 


-58 99 96 n 

JO ZZ> .ZrUlO 


14.59 


12.84 


11.98 


9.22 


8.72 


8.38 


BP 


lOOvl SO 

lUO/N 1 JU 


UIUC aUpClglcUIL 


MNl 9 


IS 1 Q SQ QO 


-57 24 15.2 


16.86 


15.64 


14.78 


12.77 


12.35 


11.99 


R BL 


40 




MN20 


1 ^ "Jl 41 -JO 


-56 08 53 
















25 
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Table 1. (continued) 



Name 
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Dec.(J2000) 
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(1) SIMBAD; (2) SIMBAD; (3) this paper; (4) Mauerhan et al. (2009); (5) Suarez et al. (2006); (6) Shara et al. (2009); (7) SIMBAD; (8) this paper; (9) SIMBAD; 
(10) SIMBAD; (11) Phillips & Ramos-Larios (2008b); (12) Davies et al. (2007); (13) Gvaramadze et al. (2009b); (14) Gvaramadze et al., in preparation; (15) 
this paper; (16) Phillips & Ramos-Larios (2008c); (17) Gvaramadze et al. (2009c); (18) Gvaramadze et al. (2009a). 



LBVs during visual minimum (e.g. Massey et al. 2007 and refer- 
ences therein). Overall, the spectrum is quite reminiscent of that 
of the recently discovered LBV star in the nuclear region of M33 
(Valeev, Sholukhova & Fabrika 2009). The spectrum of the CS of 
MN112 is almost identical to that of the bona fide LBV PCygni 
[see Gvaramadze et al. (2009c) for details], while the nebula itself 
is reminiscent of that of the cLBV GAL 079.29+00.46 (see Sec- 



tion[2j. Like in P Cygni, the spectrum is dominated by strong emis- 
sion lines of H and He i and numerous permitted lines of N ii, Fe iii 
and Sin. The only forbidden line detected in the spectrum is the 
line of [Nil] A 5755. 

The third row gives spectra of two WNL stars associated with 
MN114 and MN91. These stars, WR138a and WR121b, were 
studied in detail by Gvaramadze et al. (2009a,b). The spectrum of 
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Figure 9. Spectra of CSs of six nebulae discovered witli Spitzer. See text for details. 



WR138a is dominated by strong emission lines of Hi, He: and 
He II. Emission lines of N n, N iii, C m, N iv and Si iv are present as 
well. The three-dimensional classification for WN stars by Smith et 
al. (1996) suggests that WR 138a belongs to the WN8-9h subtype 
(Gvaramadze et al. 2009a). The spectrum of WR 121b is similar in 
many respects to that of WR 138a. The effective temperature of this 
star, however, is somewhat higher, which is manifested in weaker 
emissions of Hi, much stronger emissions of Niv /1/17111, 7123 
and the presence of the Civ /1 5808 emission line. We identified 
WR 121b as a WN7h star (Gvaramadze et al. 2009b). 

An additional prove of the availability of our method to search 
for evolved massive stars comes from the fact that the CSs associ- 
ated with two nebulae from our list [namely MN23 (Fig.[T}l) and 
MN43 (Fig.[T^)] were identified as WR candidates on the basis of 
their, respectively, near- and mid-IR colours (Mauerhan et al. 2009) 
and emission in the near-IR narrow-band filters (Shara et al. 2009), 



and confirmed as WN7 and WN5 stars in spectroscopic follow-ups. 
We also searched for possible IR nebulae around other WN stars 
discovered by these authors and by Hadfield et al. (2007) and found 
that the WN9-10h star HDMl (Hadfield et al. 2007) does show sig- 
natures of a circumstellar nebula (most prominent at 8yum). 



5 CONCLUSION AND FURTHER WORK 

The results of preliminary spectroscopic study of CSs of compact 
nebulae detected with Spitzer showed that the IR imaging provides 
a powerful tool for revealing evolved massive stars and suggested 
that a significant fraction of newly detected nebulae is created by 
evolved massive stars. With our accepted proposals for optical and 
infrared spectroscopy (with the Russian 6-m and the VLT tele- 
scopes) of the remaining stars from our list we expect to complete 
their spectral classification in the nearest future. We expect also 
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Figure 10. MN18 at four wavelengths: top left: MIPS 24 ^m; top right and 
bottom left: IRAC 8.0 and 3.6jum; bottom right: SHS. 



that the forthcoming spectrophotometric monitoring of the already 
detected cLBVs accompanied by inspection of archival plates will 
allow us to increase the known population of Galactic LB Vs. Need- 
less to say that confirmation of the LBV nature of only few objects 
from our list would have profound consequences for understanding 
the LBV phenomenon and its role in the transition between main- 
sequence O stars and hydrogen depleted WR stars (Conti 1976; 
Stahl 1986; Humphreys & Davidson 1994; Langer et al. 1994; 
Crowther, Hilher & Smith 1995; Stothers & Chin 1996; Pasquali 
et al 1997; Smith & Conti 2008). 
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